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3DEC9

* What is 3DEC?
* Applications

* New Features in Version 9
= Ul
= Performance
= Structural Elements
= Constitutive Models
= Other New Features




What is 3DEC?

* An assembly of rigid or deformable blocks interacting at contacts

Fractured continuum —> Blocky material —> Discontinuum
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What is 3DEC

* Hybrid numerical modeling:

= Discontinuities simulated with Distinct Element Method allowing shear movement, block
separation and block rotation.

= Continuum uses the Finite Volume formulation: unstructured mesh for modeling deformation and
failure of blocks

= Explicit solution scheme: time-marching solution best for dynamic solutions, large strain problems
and highly non-linear material behavior




Applications

SSSSSSSS




Applications

* Underground Mining

il
Pt

kot

C&F

1907 [l
2001 [l
2000 O
Actual D
Futuro.

“

u
8% ITASCA

Software




Applications

3DEC 9.00

©2024 ltasca Consulting Group, Inc.

Block Group Slot fragment
Deformed Factor: 5

A1 fragment1
* Underground Mining ot
fragment3
° ° fragment4
- Caving / Fragmentation Fagmens
fragment7
fragment8
fragment9
fragment10
fragment11
fragment12
fragment13
fragment14
fragment15
fragment16
fragment17
fragment18
fragment19
fragment20
fragment21
fragment22
fragment23
fragment24
fragment25
fragment26
fragment27
fragment28
fragment29
fragment30
fragment31
fragment32
fragment33
fragment34

255

Ina/ ITASCA

Software




3DEC 7.00

A PP lications 2020 asca Gt Grou, .

Geometry
Geometry Set Name

drw_failure_zone

Block Zone Group Slot Domains
Domain1
Domain2
Domain3
Domain4

* Underground Mining Domans

Domainé
Domain7
Domain8

* Caving / Fragmentation Domains

Unknown_Fresh
Unknown_Weathered

° OPen Pit Mining JoiﬁtﬂggeUniform
= Mine Scale

3DEC 7.00

©2023 Itasca Consulting Group, Inc.

FS
Group Slot off

1.1>FS>10
12>FS>1.1
1.3>FS>1.2
FS<1.0

FS>13
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Applications

¢ Underg round Mlnlng ©2023Za€al§ogllti9n;grgp, Inc.
» Spalling and Support Rlock NClos st
- Caving / Fragmentation §§§E§§
- Open Pit Mining I, §§§§§§

= Mine Scale fggggg

= Bench Scale o Q00EH0
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Applications

* Underground Mining

» Spalling and Support

* Caving / Fragmentation
* Open Pit Mining

 Civil Tunnels

O
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Applications

* Underground Mining

» Spalling and Support

* Caving / Fragmentation
* Open Pit Mining

* Civil Tunnels

* Masonry Structures

* Hydraulic Fracture

* Nuclear Waste Disposal
* Dams
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3DEC DP5.00

©2013 ltasca ansulting Group, Inc.

Step 0
8/19/2013 4:20:49 PM

Block
Colorby: Region
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2
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51000
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Applications

* Underground Mining
» Spalling and Support

» Caving / Fragmentation 3DEC DP35.20

° Open Pit Mlnlng Step 767638

7302018 11314 PM

* Civil Tunnels Geometry

cablespeheres

Contour OF yisplacement
* Masonry Structures I o000 02
. 5.0000E-03
* Hydraulic Fracture 0000503
I 5.0000E-03
4.0000E-03
I 3.0000E-03

* Nuclear Waste Disposal
2.0000E-03 3

. Dams 1.0000E-03 S i i:’*-"f:?’ it

* Other
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New Features in Version 9
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Splittable
working area

UI File Edit Tools Python Help

® tunnel.pi* - 3DEC 9.00.164 PRE-RELEASE = Bl &
Data Files < _tunnel geom D~ x EEEa =8 UEBEHEESZS.V - ? |cabes y D« x e E& S S W+ » % wunelgeom =
S 1 model new L seitek > 3DEC 9.00 FISH GobalSymbols x
Etunne‘_geom-dﬂt [E] Split right 22023 Itasca Consulting Group, Inc. Name Value  Type |Func
= tunnel_ini.dat 2 model r‘and'a Split sbove R — i 17 Integer
= Block ID
:tunne\ia(:.dat 3 model lar‘giE split below |:|c152 tunz 0 Integer |F{0)
=| checkfis Cable Axial Force
=| tunnel_cables.dat 4 I 7.58E-02
=] tunnel_liner.dat . 7.00E-0z
- - 5 ; ---- set up tunnel geometry ---- B00E-2
5.00E-02
6 l 4 00E-02
. 3.00E-02
7 block create brick -10 1@ -10 10 20002
1.00E-02
8 I 344E-04
9 , --- tunz: FISH function to define tunnel gec
16 ; ... tunnel along Y axis
- 11 ; ... semi-circular roof, centered at (9,0)
o5
F[] Disp His 12
) Disp His Roof 130fish define tunz
[[] Blocks
1) Cables 14 . ) .
A irer 15 ; Fill table with x and z coordinates for ci
16 local tab = table.create('tunnel’)
Plots listed in 17
. I 18 |; --- coordinates for bottom ---
PrOJeCt Pqne 19 |; start from bottom left corner and go around
an dmbhTa wi+ah 1y o n
Console > Python > FISH Global Symbols > State Record > = B E

Saved States
E tunnel zoned.sav
E tunnel_ini.sav
E tunnel_exc.sav
tunnel_cables.sav

E tunnel_liner.sav

Turn on or off
different panels

T~

'l: Project | | () Workspace | | »_ Commands

ITASCA

Software

3dec>project new

o R EE AR AR A AR R AR AR AR A A AR AR AR AR
——— * Model Information Cleared *
e EEE AR AR A AR EAEA AR A AREAEAEARE
3dec>model deterministic on
3decrmodel precision €
3dec>model random 10000
3dec>model restore "tunnel cables.sav"
T P
Type: ITASCA SAVE FILE
Created By: 3DEC 9.00.164
Date: 2023-09-14T09:56:35
Total Cycles: 13608 SuperCycles 13608
Title:
Customer:

e
R R R R R R R R R R R R R R R R

——— * Model Information Cleared *

New colors and icons

WA Kl



Ul - Inline Help

* CTRL-Space brings up inline help

* All commands now available in persistent
window

ITASCA

Software

_tunnel geom @D~ x BB guBBHEZEv-
1 model new
2 model random 10000
3 model large-strain on
4
5 ; ---- set up tunnel geometry ----
6
7 block create brick -10 10 -10 10 -10 1@ .
8
. Commands ? X
2 ; tu > ball I
19 .; . e e -tu > ball-zone
v block
11 5 ... S€|| 5 analyre-stabiity
12 > apply keyword
. . > apply-remove keyword
13-fish def| > celiskeyword
> contact
14 > copy keyword ...
. : ~ create keyword ...
15 2 Flll brick f1f2 <f3 f4 <f53f6 > > L
16 local > drum keyword ...
group 51 <slot 52 >
17 > polyhedron keyword
. > prism keyword ...
18 2 T co » range keyword ...
19 " S-t a la-t tetrahedron vl v2 v3 vd <joint-set i1i2 i3 id >
4 » tunnel keyword ...
20 table. wall b

21 table. _ .
22 table.x(tab,2) = 4




Ul - Information Box

* Information box follows the cursor

* Can be frozen Blocks - D x MCHEBMRERN+ s P td =5

x ]
3DEC 9 00 "‘A'fﬁg Plot Ttem List x
° C t t f .t B2023 kasca Consuting Group, Inc. 4""‘# + Vi @2mE Vv ?
an copy text irom | — ,}W > O Block Unjoined ID ~
Block Unjoined ID “"A '
1 ' | O Legend
?
3
4
g Attributes
7 Color By Label v -
3 Label Unigined ID e
4 bicolortist | 0 % U EGlobal
10 Excavations [_|
1 Deform 1
12 I:[Map
1 i Zone Faces ’g
15 Walls .D ;I
18 View Stats ®
17 i T
18 < v+ T IO ?
14 Eye 2.45044 -14.6756 1.77343
20 Center -0.0866225 -3.49661 0.16972
al Information Rotation 97,9639 -12.7866 0.646935
22 Plot Ttem 1 - Block Scale  4.7945 11.5749 1
%i Block 899 Face 153085 Zone 306342 ; Modes () Perspective
o gearesF Grldgomcé: 1‘7';5148bé Location {-1.518,-5.000,-0.541) 1 cip -10000000000.0 = 10000000000.0 |
'\‘.n.""" rOL.IFIS.(?OﬂS ucuon=center
26 g -."“g' Cursor hits at: (-1.61618,-5,-0.480131) Sync To Unsynced ~
gg ‘Egﬁ.’#’ % i Information *
2 '\vk _ ' | prottem 1 -Block
v ) -~/ ]Block 899 Face 153085 Zone 306342
30 T Nearest Gridpaint: 125148, Location (-1.518,-5,000
A | Groups:construction=center
33 Cursor hits at: (-1.61618,-5,-0.480131)
34
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Ul - Other Improvements

* More attributes for contour plot including user-defined contour ramp.
* Format and precision of the contour legends can be specified.

* Option to omit “past” states when plotting yield states.

» Swap axes for table and profile charts.

* Add minor gridlines to charts.

* Multi-threaded plot items 3DEC 9.00

Plot Item List
. [l rsutting Group, IR, + Vi @@V
L4 Plottlng ~ 5x faster ﬁlnlesplm: + Masnitude » O Block Displacement Magni.. ¥
I 015 Bxes
014 » Block Applied Force Vectors
[ Bl Custom Color Ramp ? * 012 O Legend
010
Ramp | 008
Mame: Rainbow (1) Keyword: rainbow_1 Color Space: HSV 0.06
004
| 0.02 cone AR s
0.00 Style | bold -
color |M'black
Color l{Cut ’:
[Map B
_ Posiion: i DefFace B
l:|Count
4[Con N
Satwration: 355 [2 Green: g Sz |56 |2 AN
< Red: Font | Arial \v
20 iz o Style | normal I .
value: 255 [2 Blus: 255 [3 Color |l 'black
Max Lak 20 |5
Format | Decimal -
oK Cancel Precisiol 2 |2

24



Performance

» Solving to steady state up to 10x faster
* Dynamic timestep up to 3x times larger
» Save and Restore up to 4x faster

 Multithreaded plotting — up to 5x faster
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MODEL SOLVE

3DEC 7.00
©2023 Itasca Consulting Group, Inc. 3DEC 9. 00
Block Displacement Magnitude ©2023 ltasca Consulting Group, Inc.
Cut Octant: on back
2 5000E-03
I gégggggg Block Displacement Magnitude
1.7500E03 Cut Octant: on back
T 2500E.03 2.50E-03
1.0000E-03 225E_03
5 000001 2.00E-03
I, 1.75E-03
Joint Plane Uniform 1.50E-03
Cut ONc;I::Zt: on back 1 25E-03
1.00E-03
7.50E-04
5.00E-04
2.50E-04
0.00E+00
Joint Plane Uniform
Cut Octant: on back Z.
I None
V7:27,896 steps V9: 2,895 steps
| I
KA
i o
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Dynamic Example

* Dam on rock cut by Discrete Fracture Network

= Dynamic timestep v7 = 1.06x 10”7
L > 3x faster
= Dynamic timestep v9 = 3.21x10/




Non-linear Structural Elements

* Shell-type elements and beam-type elements can now deform plastically
* Multiple integration points enable realistic progressive failure
* Liners can be assigned Mohr-Coulomb, Strain-Softening or Von-Mises constitutive models

® integration point

® integration point
® node

\ wlw\ B~ \
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Non-linear Structural Elements

Elastic-plastic plate with uniform load (square plate, simply supported)

3DEC 9.00 267

©2023 Itasca Consulting Group, Inc.

Shell Plastic Yield
Deformed Factor: 2 ]
yielded (< 80.0%) 2.2
yielded (>= 80.0%) ]
History ]
p 2.0
vs. delta ]

Applied Pressure (Pa) X106
)
1

0.4

0.2

0.0 f-—-——1r+—r—"—r+—r—-—1"+—"r—"—1""—1r"rrr T
0.00 0.05 0.10 0.15 020 025 030 035 040 045 0.50 0.5
Center Deflection (m)

¥
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never yielded

Example: Lined tunnel with adjacent shaft chear shear-p

shear-n shear-p tension-p

3DEC 9.00 shear-p

©2024 Itasca Consulting Group, Inc. shear—p tension-p
tension-p

Liner Displacement of Node Magnitude
Deformed Factor: 50
5.00E-02
4 50E-02
4.00E-02
3.50E-02
3.00E-02
250E-02
2 00E-02
1.50E-02
1.00E-02
5.00E-03
0.00E+00
Block Group Slot excavation
.I shaft

v il

L LT
il g

ﬂ““\.

b |

o Mohr-Coulomb Liner
Elastic Liner

ol
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Surface Settlement

3DEC 9.00

©2024 Itasca Consulting Group, Inc.

Block Z Displacement
4.00E-02
3.00E-02
2.00E-02
1.00E-02
0.00E+00
-1.00E-02
-2.00E-02
-3.00E-02

“
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Non-linear liner

10
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Distance from shaft (m)

00
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LU
&~ NN O
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Z Displacement x10"-2
g 5% &
1 1 1

o
N
Livaal

SN
o N
1 1

&
o

Elastic liner

L S S S S S A N N
40 50 60 70 80 90 100 110 120

Distance from shaft (m)
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Concrete plastic-domage model :

« A plastic-damage model.

« Damage in both extension and compression.

- Damage based on fracture-energy.

* Modulus degradation in continuum damage mechanics.
« Compatible to Mohr-Coulomb yielding criteria.

O3

Compression Extension Yield locus in biaxial stress plane
o, Tt
mes e B ftg l__ A B (0, fy) A (fifr0)
7/
7
12t : - 0]
B
E/|(1-D)E E F (f,0,0)
D (1-D)E D
0 € 0 €
(b) o, vs. €f (b) o, vs. €

D (_fb[]' _be)




Concrete plastic-damage model :

3DEC 9.00

©2024 Itasca Consulting Group, Inc.

Block Maximum Shear Strain Increment
Cut Plane: on front
Deformed Factor: 50
Calculated by: Constant

2.00E-03
1.75E-03
B 1.50E-03
1.25E-03
. 1.00E-03
7.50E-04
5.00E-04
2.50E-04

0.00E+00
Cable Displacement of Node Magnitude

Deformed Factor: 50
1.20E-03

B 1.05E-03

“  9.00E-04
7.50E-04

il 6.00E-04
4 50E-04
3.00E-04
1.50E-04
0.00E+00

Compression Stress (MPa)

0

0.00%

Compression
A
A A
A
0.20% 0.30% 0.40% 0.50%

Compression Strain

Tension Stress (MPa)

a

w
in

w

N
n

~

i

b
n

o

0.00%

0.02%

Tension Strain

0.03%

Tension

0.04% 0.05%

X

A
S
%%
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Columnar Basalt Constitutive Model

* Up to four arbitrary orientations of weakness
(ubiquitous joint).

* Non-isotropic elastic matrix.

* Criterion for failure on the planes consists of a
strain hardening/softening Mohr-Coulomb T N SN A AT BT T R

4 -
S S

. . T e, AL o ¥ Ry i Al ; - E—ifa-&r" ..
envelope with tension cutoff. AT Sl sy o SO

» Strain hardening/softening behavior can be
specified (using a table) for joint cohesion,
friction, dilation, and tension.

* Creep option on weak planes.

g W

4f Columnar-Basalt

el n o L)




Improved Join Logic

 Can now specify joining based on contacts rather than blocks

N

» Cutting does not cause joins to become unjoined

1111

V9 — construction joints remain joined




Coupling with FLAC3D

« Zoned 3DEC blocks can be mechanically coupled to FLAC3D
= Forces from 3DEC gridpoints are transmitted to FLAC3D faces
= Velocities from FLAC3D gridpoints are transmitted back to 3DEC

FLAC3D 9.00

©2023 ltasca Consulting Group, Inc.

Zone Displacement Magnitude
Cut Plane: on front
I 3.00E-01
2.50E-01
2.00E-01
I 1.50E-01
1.00E-01
I 5.00E-02

A2 3DEC Blocks

0.00E+00
Block Displacement Magnitude
Cut Plane: on front
I 3.00E-01
2.50E-01
2.00E-01
L 1.50E-01
1.00E-01

5.00E-02
0.00E+00

FLAC3D Zones

Software




Coupling with FLAC3D

FLAC3D 9.00

©2024 ltasca Consulting Group, Inc.

Block Velocity Magnitude
Cut Octant: on back
5.00E-01
4 60E-01
4 20E-01
3.80E-01
3.40E-01
3.00E-01

6.00E-02
2.00E-02
Zone Velocity Magnitude
Cut Octant: on back
5.00E-01
4.60E-01
4.20E-01
3.80E-01
3.40E-01
3.00E-01
2.60E-01
2.20E-01
1.80E-01
1.40E-01
1.00E-01
6.00E-02
2.00E-02

255
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Other New Features

* Python is updated to version 3.10.5
= Now easier to add your own packages

* Timoshenko Beams
* Log-normal distribution for DFN fracture sizes
* Rockmass Integration

* New examples

3DEC9.00

©2024 Itasca Consulting Group, Inc.

Fracture diameter
Fractures (58340)
4.37E+00
4.00E+00
3.50E+00
3.00E+00
2.50E+00
I 2.00E+00
1.50E+00
1.00E+00
I 5.00E-01
4.94E-01
Table

histo

0.0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Fracture Diameter
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Useful Links

« 3DEC main page

» Software Academy (online training courses)

» Software Forum
* Get a 3DEC Quote - Use coupon code 3DEC9 to save 20% through February 23, 2024.
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https://www.itascacg.com/software/3DEC
https://academy.itascainternational.com/collections/3dec
https://forum.itascainternational.com/
https://www.itascacg.com/contact-itasca/software-quote-request
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Questions

SSSSSSSS




0
"/ ITASCA

Software

" We drive the evolution of geological engineering
and geosciences to improve the world,
collaboratively developing innovative solutions to
challenging problems. *

/=

Q

(wova1)
NS/

111 3rd Avenue South
Suite 450

Minneapolis, MN 55401
United States

info@itascacg.com

itascacg.com
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